Sound Matters: a framework for the creative use and re-use of sound by Alarcon, Ximena & Lane, Cathy




Citation Alarcon, Ximena and Lane, Cathy (2015) Sound Matters: a framework for 
the creative use and re-use of sound. Project Report. Creative Research 
into Sound Arts Practice - CRiSAP. (Submitted) 
Creators Alarcon, Ximena and Lane, Cathy
Usage Guidelines
Please refer to usage guidelines at http://ualresearchonline.arts.ac.uk/policies.html or 
alternatively contact ualresearchonline@arts.ac.uk.
License: Creative Commons Attribution Non-commercial No Derivatives









































ΛΚ 74+,)&!)(9∗&>4/&&& & & & & & & & Μ&
ΝΚ >3)454)4∗,& & & & & & & & & Μ&
ΝΚΛ Ε+∗()4∀∃&∀.&(&3∀//#∃4)∆& & & & & & Μ&
ΝΚΛΚΛΚ ;∃)∗+54∗0,& & & & & & & Μ&
ΝΚΛΚΝΚ Β∃84∃∗&?()2∗+4∃9& & & & & & Μ&
ΝΚΛΚΟΚ Ε∀6%∗,49∃&Ι∀+1,2∀:& & & & & & Π&
ΝΚΝΚ =∗32∃43(8&<∗54∗0&(∃%&Ε∀∃)∗Θ)& & & & & & Ρ&
ΝΚΝΚΛΚ =∗32∃43(8&<∗54∗0& & & & & & Ρ&
ΝΚΝΚΝΚ Ε∀∃)∗Θ)& & & & & & & Σ&
ΝΚΟΚ !32∀8(+8∆&Τ4,,∗/4∃()4∀∃& & & & & & Σ&
ΟΚ ∋(4∃&74∃%4∃9,& & & & & & & & Σ&
ΟΚΛ&;∃)∗+%4,34:84∃(+∆&?∀(8& & & & & & & Σ&
ΟΚΝ&7+(/∗0∀+1&∗8∗/∗∃),& & & & & & & ΛΥ&
ΟΚΝΚΛ&;∃:#)& & & & & & & & & ΛΥ&
ΟΚΝΚΝ&>+3245∗,& & & & & & & & ΛΛ&
ΟΚΝΚΟ&<∗8()4∀∃(8&Α8(∆Χ(31& & & & & & & ΛΝ&
ΟΚΝΚΜ&;∃)∗++∀9()4∀∃& & & & & & & & ΛΟ&
ΟΚΝΚΠ&Ε∀/:∀,∗%&Β#):#),& & & & & & & Λς&
&
ΜΚ 74+,)&!)(9∗&Ε∀∃38#,4∀∃,& & & & & & & Λς&
ΜΚΛ&>+3245∗,& & & & & & & & Λς&
ΜΚΝ&;∃)∗++∀9()4∀∃& & & & & & & & ΛΩ& &
ΜΚΟ&<∗8()4∀∃(8&Α8(∆Χ(31& & & & & & & ΛΩ&
&
&
≅∃%∃∀)∗,& & & & & & & & & ΛΣ&
&
<∗.∗+∗∃3∗,&(∃%&Ξ4Χ84∀9+(:2∆& & & & & & ΝΥ&
&
&
! ∃!
&
&
! %!
&
&
ΛΚ 74+,)&!)(9∗&>4/&
&
Ρ−(%Ε1+)/%)/∗3(%<Ε%/−(%+()(∗+,−%∗19(Φ%/<%1Φ(2/1Ε∆%,<99<2%1))Κ()%ςΦ1ΕΕ1,Κ;/1()%∗2Φ%
∗,−1(Χ(9(2/)Ω=%2((Φ)%∗2Φ%,<0123%)/+∗/(31()%)−∗+(Φ%Σ∆%12/(+Φ1),10;12∗+∆%+()(∗+,−(+)%12%/−(%ΒΞ%
∗2Φ%∗Σ+<∗Φ%?−<%∗+(%+()(∗+,−123%?1/−%)<Κ2Φ=%∗2Φ%/<%(2Χ1)1<2%/<3(/−(+%∗%/(,−21,∗;%Ε+∗9(?<+Λ%
/−∗/%,∗2%Σ(%Κ)(Φ%∗)%∗%+(Ε(+(2,(%/<%Ε∗,1;1/∗/(%/−(1+%+()(∗+,−%Κ)123%<0(2%)<Κ+,(%∗2Φ%Κ)(+Γ
Ε+1(2Φ;∆%∗,,())1Σ;(%/(,−2<;<31()7%%
%
#0(,1Ε1,%:,/1Χ1/1()Ι%
• :,/1Χ∗/(%∗%,<99Κ21/∆%<Ε%Κ)(+)%/−+<Κ3−Ι%∗7%12/(+Χ1(?)Ψ%Σ7%<2;12(%3∗/−(+123Ψ%,7%∃<Γ
Φ()132%?<+Λ)−<0%
• ∃<2ΦΚ,/%∗%Ρ(,−21,∗;%∋(Χ1(?%
• ΤΜ0∗2Φ%/−(%Ε+∗9(?<+Λ%Φ(),+10/1<2%ςΚ)()%∗2Φ%/(,−2<;<31()Ω%
• Ζ+1/(%∗%0+<0<)∗;%Ε<+%/−(%)(,<2Φ%)/∗3(%
%
ΝΚ >3)454)4∗,&
%
ΝΚΛ Ε+∗()4∀∃&∀.&(&Ε∀//#∃4)∆&
ΝΚΛΚΛ ;∃)∗+54∗0,6,)(+)4∃9&)2∗&3∀//#∃4)∆Ι%&
Υ6%∋()(∗+,−(+)ϑ:+/1)/)
5
%?<+Λ123%?1/−%>1(;Φ%∋(,<+Φ123)=%#0((,−%∗2Φ%:+,−1Χ()%?(+(%
12/(+Χ1(?(Φ%∗Σ<Κ/%/−(1+%+()(∗+,−%∗2Φ%,+(∗/1Χ(%0+<,())()=%3<∗;)=%−Κ9∗2%∗2Φ%/(,−21,∗;%
1))Κ()%12Χ<;Χ(Φ=%?1/−12%/−(%Ε+∗9(?<+Λ7%
&
ΝΚΛΚΝ&Β∃84∃∗&?()2∗+4∃9Ι%&
.(+1Χ(Φ%Ε+<9%/−(%12/(+Χ1(?)%∗%Ε+∗9(?<+Λ%?∗)%(Μ0∗2Φ(Φ%?1/−%)0(,1Ε1,1/1()%∗Σ<Κ/%
(∗,−%0+<,())Ι%!∀#∃%%&∋(#)&∀∗∗2Φ%+∃,(#)&∀(,∗−,(./(01=%∗2Φ%1/%1)%;1Χ(%<2%∗%Χ1+/Κ∗;%)1/(%
ΠΚ+∗;7;∆
Υ
%Ε<+%,<99(2/)7%Ρ−(%Ε+∗9(?<+Λ%Φ(),+1Σ()%(Μ1)/123%/<<;)%∗2Φ%9(/−<Φ)%<Ε%
!∀#∃%%&∋(#)&∀∗<Ε%>1(;Φ%+(,<+Φ123)%∗2Φ%#0((,−=%∗2Φ%/−(%Κ)(%<Ε%+()(∗+,−%0+<,())()=%∗2Φ%
<Ε%,<90<)(+%∗2Φ%Κ)(+)[%12/(+Ε∗,()%Ε<+%+∃,(#)&∀(,∗−,(./(017%:;)<%1/%Φ(),+1Σ()%/−(%
Φ1ΕΕ(+(2/%/∆0()%<Ε%∗+,−1Χ()%Κ)(Φ%Σ∆%0(<0;(%<2%/−(1+%,+(∗/1Χ(%∗2Φ%(Μ0(+19(2/∗;%
+()(∗+,−7%
! &!
Ρ−(%12/(+Χ1(?)%2<Κ+1)−(Φ%/−(%Ε+∗9(?<+Λ=%∗2Φ%;(Φ%/<%/−(%0ΚΣ;1,∗/1<2%<Ε%212(%
+(0+()(2/∗/1Χ(%)/<+1()%12%/−(%Σ;<3%<Ε%/−(%0+<∴(,/
]
7%Ρ−(%)/<+1()%∗+(%Φ1Χ1Φ(Φ%12/<%>1(;Φ%
∋(,<+Φ123=%#0((,−%∗2Φ%:+,−1Χ(%)/<+1()7%Ρ−(%1Φ(∗%?1/−%/−()(%0ΚΣ;1,∗/1<2)%1)%/<%<0(2%
Κ0%∗;;%/−(%∗)0(,/)%<Ε%/−(%0+<,())%?−1,−%∗+(%2</%<2;∆%)ΚΣ),+1Σ(Φ%/<%/(,−21,∗;%
0+<,())()7%Ρ−()(%∗+(%<0(2%Ε<+%/−(%3(2(+∗;%0ΚΣ;1,%/<%,<99(2/%<27%
Ρ−(%∗,/1Χ1/∆%<Ε%/−(%Σ;<3=%?∗)%0+<9</(Φ%/−+<Κ3−%∗%>∗,(Σ<<Λ%(Χ(2/%0∗3(=%/?1//(+%
Ε((Φ)=%/−(%∃∋1#:≅%?(Σ)1/(=%∗2Φ%∃∋1#:≅=%Β:Α%(9∗1;%;1)/)%∗2Φ%Α∃∃%2(?);(//(+7%Ρ−1)%
,<99Κ21,∗/1<2%)/+∗/(3∆%?∗)%;(Φ%Σ∆%/−(%:Φ9121)/+∗/<+%Α1)∗%Η∗;;7%
%
ΝΚΛΚΟ&Ε∀6%∗,49∃&0∀+1,2∀:−%
• 5⊥%∋()(∗+,−(+)ϑ:+/1)/)%?<+Λ123%?1/−%Ε1(;ΦΓ+(,<+Φ123)=%)0((,−%∗2Φ%∗+,−1Χ()%
∗//(2Φ(Φ%/<%/−(%,<ΓΦ()132%?<+Λ)−<0%;(Φ%Σ∆%/−(%≅∀7%Ρ−(%<Σ∴(,/1Χ(%<Ε%/−(%
?<+Λ)−<0%?∗)%/<%3∗/−(+%/−(%,<99Κ21/∆%12%∗%,;<)(+%9∗22(+%/<%,+(∗/(%
,<2Χ(+)∗/1<2)%∗Σ<Κ/%/−(%0+<∴(,/=%∗2Φ%,+(∗/1Χ(;∆%/−12Λ%/<3(/−(+%<2%9(/−<Φ)%
∗2Φ%0+<,())()%9(Φ1∗/(Φ%Σ∆%/(,−2<;<3∆%?1/−12%/−(%Ε<,Κ)%<Ε%/−(%+()(∗+,−7%
• ∀2%/−(%?<+Λ)−<0%/−(%≅∀%<ΕΕ(+(Φ%∗2%Κ0Φ∗/(%<Ε%/−(%+()(∗+,−%∗2Φ%1/)%Ε12Φ123)=%∗2Φ%
12Χ1/(Φ%/?<%3Κ()/%)0(∗Λ(+)%ς<2(%−<Κ+%0(+%)0(∗Λ(+Ω%/<%)/19Κ;∗/(%/−12Λ123%∗2Φ%
Φ1),Κ))1<2%∗Σ<Κ/Ι%57%:+,−1Χ()%ς:2Φ+(∗%_∗+∗=%∀2Φ(0(2Φ(2/%∋()(∗+,−(+%∗2Φ%
∃Κ+∗/<+%α+1/1)−%Α1Σ+∗+∆Ω=%∗2Φ%Υ7%:;3<+1/−91,%Ρ<<;)%ς∋<2%Η(++(9∗=%:;3<+1/−91,%
,<90<)(+Ω7%
• :/%91ΦΦ∗∆%0∗+/1,10∗2/)%?(+(%∗Σ;(%/<%(Μ0(+1(2,(%/−(%;∗/()/%/(,−2<;<31()%Ε<+%
#(∗+,−%∗2Φ%∋(/+1(Χ∗;%∗2Φ%∋(;∗/1<2∗;%≅;∗∆Σ∗,Λ=%∗)%(Μ−1Σ1/(Φ%Σ∆Ι%%
23%)4∗5(67∃%8−39∗:#6;∃∀#∗<∀)=∃%4)#.∗&>∗:6%%∃.?Ι%αα∃β)%2(?%)0((,−%(Φ1/123%
≅+</</∆0(%/−∗/%Ε(∗/Κ+()%)0((,−Γ/<Γ/(Μ/%∗2Φ%)0(∗Λ(+%Φ1∗+1∗/1<2=%∗2Φ%/−(%αα∃%
Ζ<+;Φ%#(+Χ1,(%:+,−1Χ(%?−1,−%12,;ΚΦ()%/<01,%1Φ(2/1Ε1,∗/1<2=%)0(∗Λ(+%
1Φ(2/1Ε1,∗/1<2%∗2Φ%∃+<?Φ)<Κ+,123%Ε(∗/Κ+()7%
2(#3.∗≅(∀∃∗82&Α;)%∃0#&%∗2+):Β−?Ι%αΤ:Π%12)/∗;;∗/1<2%∗+/?<+Λ=%?−1,−%Κ)()%∗%
∃<90;(Μ%Π∗ΜϑΠ#≅%0∗/,−%Κ)123%Φ∗/∗%Ε+<9%/−(%,<9123%∗2Φ%3<123)%∗+<Κ2Φ%/−(%
0<+/%<Ε%Ξ<,−1%12%#<Κ/−%∀2Φ1∗%∗)%0∗+∗9(/(+)%/<%/+133(+%)<Κ2Φ)%∗))<,1∗/(Φ%?1/−%
9∗+1/19(%;1Ε(%∗2Φ%/−(%)01,(%/+∗Φ(%12%/−(%∗+(∗7%
Χ)7∃∀(∗Β,(%0∆∀∗8−!?Ι%%ΤΜ−1Σ1/123%χ2;12(%Ρ<<;)%Ε+<9%;∗Σ)%Ε+(()<Κ2Φ%∗)%
Φ(Χ(;<0(Φ%Σ∆%/−(%ΠΚ)1,%Ρ(,−2<;<3∆%δ+<Κ0%∗/%/−(%Β21Χ(+)1/∆%≅<90(Κ%>∗Σ+∗7%%
• ∀2%/−(%∗Ε/(+2<<2%0∗+/1,10∗2/)%Φ1Χ1Φ(Φ%12/<%/−+((%3+<Κ0)%Φ()132(Φ%,∗)(%)/ΚΦ1()=%
19∗312123%,<2/(Μ/)=%0+<,())()%∗2Φ%12/(+Ε∗,()%/−∗/%12Χ<;Χ(Φ%?<+Λ123%?1/−%∗%
! ∋!
,<;;(,/1<2%<Ε%)<Κ2Φ)%∗2Φ%/−(%0+<,())()%/−(∆%?1;;%0(+Ε<+9%?1/−%1/=%∗)%?(;;%∗)%/−(%
12/(+Ε∗,()7%Ρ−()(%Φ()132)%;(Φ%/<%)<9(%Φ1),Κ))1<2)%∗2Φ%,<2,;Κ)1<2)%<Ε%/−(%Φ∗∆Ι%
<0(2123%Κ0%/<%9∗/(+1∗;)%/−∗/%∗+(%2</%2(,())∗+1;∆%)<21,Ψ%?<+Λ123%?1/−%
∗;3<+1/−9)%/−∗/%?<+Λ%Χ1∗%∗))<,1∗/1<2)%<Ε%Φ1ΕΕ(+(2/%/∆0()Ψ%∗;;<?123%<Ε%
0∗+/1,10∗2/)%12%∗%+()(∗+,−%0+<,())%/<%,+(∗/(%/−(1+%<?2%/∗33123%)∆)/(9)%ς>13%5=%
>13%Υ=%>13%]Ω7%
%
>137%5%ΤΜ(+,1)(%?1/−%0∗+/1,10∗2/)%12%,<ΓΦ()132%?<+Λ)−<0%δ+<Κ0%5%
%
%
%
>137%Υ%ΤΜ(+,1)(%?1/−%0∗+/1,10∗2/)%12%,<ΓΦ()132%?<+Λ)−<0%δ+<Κ0%Υ%
%
%
! (!
%
>137%]%ΤΜ(+,1)(%?1/−%0∗+/1,10∗2/)%12%,<ΓΦ()132%?<+Λ)−<0%δ+<Κ0%]%
%
• :%⊥[]5ε%Χ1Φ(<%ς>13%φΩ%Φ<,Κ9(2/123%/−(%,<ΓΦ()132%?<+Λ)−<0%∗2Φ%<ΕΕ(+123%∗%
Σ∗,Λ3+<Κ2Φ%<Ε%/−(%0+<∴(,/%−∗)%Σ((2%0+<ΦΚ,(Φ%∗2Φ%,∗2%Σ(%∗,,())(Φ%<2%
−//0)ΙϑϑΧ19(<7,<9ϑ5]]Υ5γΥ]φ%
%
%
>137%φ%η1Φ(<%Φ<,Κ9(2/123%#<Κ2Φ%Π∗//(+)%,<99Κ21/∆%ΣΚ1;Φ123%0+<,())%
%
! )!
%
ΝΚΝ =∗32∃43(8&<∗54∗0&(∃%&Ε∀∃)∗Θ)&
ΝΚΝΚΛ =∗32∃43(8&<∗54∗0−&&
• :%Ρ(,−21,∗;%∋(Χ1(?=%Χ1∗%Α1/(+∗/Κ+(%∋(Χ1(?%∗2Φ%Φ1+(,/%,<99Κ21,∗/1<2%?1/−%
Φ(Χ(;<0(+)%∗2Φ%+()(∗+,−(+)
φ
=%?∗)%,<2ΦΚ,/(Φ%Σ∆%/−(%≅∀%∗Σ<Κ/%/−(%,Κ++(2/%<0/1<2)%Ε<+%
!∀#∃%%&∋(#)&∀%∗2Φ%+∃,(#)&∀(,∗−,(./(01∗<Ε%)<Κ2Φ%9∗/(+1∗;Ι%∃+(∗/1<2%<Ε%9(/∗ΓΦ∗/∗=%
#(∗+,−%∗2Φ%∋(/+1(Χ∗;%9(/∗ΓΦ∗/∗=%∗2Φ%#<21,%∀2Ε<+9∗/1<2%∋(/+1(Χ∗;=%∗2Φ%+(,(1Χ(Φ%
,<;;∗Σ<+∗/1<2%Ε+<9%Β21Χ(+)1/∆%≅<90(Κ%>∗Σ+∗=%Β21Χ(+)1/∆%<Ε%#Κ++(∆=%ιΚ((2%Π∗+∆%
Β21Χ(+)1/∆%<Ε%Α<2Φ<2=%∗2Φ%δ<;Φ)91/−)7%%
• Ρ−(%9<)/%Κ0%/<%Φ∗/(%/(,−2<;<31()%Ε<+%#(∗+,−%∗2Φ%∋(/+1(Χ∗;%<Ε%#0((,−%?(+(%(Μ0;∗12(Φ%
Σ∆%∃−+1)%α∗Κ9(=%∗)%Φ(Χ(;<0(Φ%?1/−12%−1)%≅−.%+()(∗+,−%12%#Κ++(∆%Β%∗2Φ%Ε<+%−1)%?<+Λ%12%
/−(%αα∃=%)0((,−%/<%/(Μ/%+(,<321/1<27%∀2%/(+9)%<Ε%#<21,%∀2Ε<+9∗/1<2%∋(/+1(Χ∗;%12Χ<;Χ123%
∗%Χ∗+1(/∆%<Ε%)<Κ2Φ)=%/−(%9<)/%∗ΦΧ∗2,(Φ%)∆)/(9)%?(+(%Φ(9<2)/+∗/(Φ%Σ∆%>+(Φ(+1,%
><2/=%∋()(∗+,−%>(;;<?%∗2Φ%;(∗Φ(+%<Ε%/−(%Ε+(()<Κ2Φ%0+<∴(,/%∗/%/−(%Β21Χ(+)1/∆%≅<90(Κ%
>∗Σ+∗%12%α∗+,(;<2∗Ψ%/−1)%12Χ<;Χ()%/−(%Φ(Χ(;<09(2/%<Ε%/−(%Ε+(()<Κ2Φ%:≅∀%ς?−1,−%
?<+Λ)%?1/−%/∗3%+(,<321/1<2Ω%∗2Φ%/−(%Κ)(%<Ε%/−(%Τ))(2/1∗%Α1Σ+∗+∆%ςΕ<+%)<21,%12Ε<+9∗/1<2%
+(/+1(Χ∗;Ω7%
• Ρ−(%≅∀%∗//(2Φ(Φ%/<%#χϕ:∋%>()/1Χ∗;%12%α∗+,(;<2∗%/<%?1/2())%/−(%9Κ)1,%−∗,Λ%Φ∗∆=%
<+3∗21)(Φ%Σ∆%/−(%Β21Χ(+)1/∆%≅<90(Κ%>∗Σ+∗=%?−(+(%/−(%9<)/%∗ΦΧ∗2,(Φ%;1Σ+∗+1()%∗2Φ%
/(,−21κΚ()%Ε<+%#(∗+,−%∗2Φ%∋(/+1(Χ∗;%?(+(%Κ)(Φ7%:;)<%)−(%∗//(2Φ(Φ%/<%?<+Λ)−<0)=%
/∗;Λ)%∗2Φ%/−(%#χϕ:∋%Π∗+Λ(/=%?−(+(%)−(%2(/?<+Λ(Φ%∗2Φ%/∗;Λ%/<%0+<3+∗99(+)%∗2Φ%
Φ(Χ(;<0(+)%12%Χ∗+1<Κ)%Ε1(;Φ)%∗Σ<Κ/%∗,,())123%/<%Σ13%;1Σ+∗+1()%<Ε%)<Κ2Φ%,+(∗/1Χ(;∆7%Ρ−1)%
Χ1)1/%<0(2(Φ%Κ0%/−(%/−12Λ123%<Ε%Φ1Χ(+)(%12/(+Ε∗,()%/−∗/%∗+(%Σ(123%,+(∗/(Φ%Ε+<9%
9<ΦΚ;∗+%)∆)/(9)%/<%∗;;<?%9<+(%0(<0;(%/<%,+(∗/(%Ε+<9%/−(%Ε+<2/Γ(2Φ%0(+)0(,/1Χ(=%
?1/−%9<+(%∗,,())1Σ;(%?∗∆)%/<%Κ2Φ(+)/∗2Φ%0+<,())()%−∗00(2123%12%/−(%Σ∗,Λ%(2Φ7%
• ≅∀%∗2Φ%∃<Γ∀%∗//(2Φ(Φ%/<%/−(%.131/∗;%∃<2Χ(+)∗/1<2)%(Χ(2/%−<)/(Φ%Σ∆%/−(%α+1/1)−%Α1Σ+∗+∆%
∗Σ<Κ/%(Μ0(+1(2,()%<2%.131/∗;%ΠΚ)1,%∋(/+1(Χ∗;7%Ρ−1)%<0(2(Φ%Κ0%/−(%,<2Χ(+)∗/1<2%?1/−%
+()(∗+,−(+)%∗/%#Κ++(∆%Β21Χ(+)1/∆%≅+<Ε7%Π∗+Λ%≅;Κ9Σ;(∆=%∗2Φ%Ζ(;,<9(%Ρ+Κ)/%>(;;<?%.+7%
Τ+129∗%χ,−Κ7%
• #Κ00<+/%Ε+<9%)<Κ2Φ%/(,−21,∗;%/<<;)%Φ(Χ(;<09(2/%−∗)%Σ((2%+(,(1Χ(Φ%Ε+<9%/−(%α(+3(2%
∃(2/(+%Ε<+%Τ;(,/+<21,%:+/)%ςϕ<+?∗∆Ω=%)0(,1Ε1,∗;;∆%;<<Λ123%∗/%/−(1+%0+<∴(,/%Ε(7&7(∗
Φ&;6,(%
Γ
7%Ρ−1)%,<;;∗Σ<+∗/1<2%1)%Σ<+2%Ε+<9%/−(%2((Φ%<Ε%0+</</∆0123%?1/−%9<ΦΚ;∗+%
)∆)/(9)%/−∗/%,∗2%Σ(%Κ)(Φ%Ε<+%∗%Χ∗+1(/∆%<Ε%12/(+Ε∗,()%Ε<+%/−(%9(9Σ(+)%<Ε%/−(%
,<99Κ21/∆7%
! ∗!
• #Κ00<+/%Ε+<9%δ+∗))+<</)%∗+,−1Χ∗;%)∆)/(9=%12Χ<;Χ123%Τ/−1,∗;%1))Κ()%∗2Φ%∃<0∆+13−/%−∗)%
Σ((2%+(,(1Χ(Φ%Ε+<9%/−(%∃(2/(+%Ε<+%.131/∗;%:+,−(<;<3∆%ς∃∗;1Ε<+21∗Ω=%)0(,1Ε1,∗;;∆%;<<Λ123%
∗/%/−(1+%0+<∴(,/%Φ616%#6
Η
7%
%
ΝΚΝΚΝ Ε∀∃)∗Θ)&!#::∀+)−&&
#Κ00<+/%∗Σ<Κ/%/−(%)/∗/(%<Ε%)<Κ2Φ%∗+,−1Χ()=%?∗)%+(,(1Χ(Φ%Ε+<9%ΑΚΛ(%Π,Ξ(+2∗2=%Α(∗Φ%
∃Κ+∗/<+=%ϕ(?)%∗2Φ%Π<Χ123%∀9∗3(%Ε+<9%/−(%α+1/1)−%Α1Σ+∗+∆=%∗2Φ%;(∗Φ(+%<Ε%/−(%:Η∋∃%
ΕΚ2Φ(Φ%λχ0(2123%Κ0%)0((,−%∗+,−1Χ(%0+<∴(,/[=%,<2ΦΚ,/(Φ%/?<%∆(∗+)%∗3<=%∗2Φ%Ε+<9%
!∗9()%Ξ213−/%Ε+<9%λ#∗Χ(%<Κ+%#<Κ2Φ)[%0+<∴(,/7%:;)<%,<2/(Μ/%∗Σ<Κ/%;<,∗;%)<Κ2Φ%∗+,−1Χ()%
∗,,())1Σ1;1/∆%Ε+<9%#1µ2%Π<3+1Φ3(%Ε+<9%Η∗,Λ2(∆%:+,−1Χ()7%%
%
ΝΚΟ !32∀8(+8∆&Τ4,,∗/4∃()4∀∃−&
:2%∗Σ)/+∗,/%∗Σ<Κ/%/−(%0+<∴(,/%?∗)%)(2/%/<%/−(%12/(+2∗/1<2∗;%,<2Ε(+(2,(%#<Κ2Φ=%
∀9∗3(%∗2Φ%.∗/∗=%Υ65ν%/<%Σ(%−(;Φ%∗/%ϕ(?%ο<+Λ%Β21Χ(+)1/∆=%∗2Φ%1/%?∗)%∗,,(0/(Φ7%≅∀%?1;;%
∗//(2Φ%Ε+<9%Υ]
+Φ
%/<%Υν
/−
%<Ε%!Κ;∆%/<%0+()(2/%/−(%Ε1+)/%Ε12Φ123)%<Ε%/−(%0+<∴(,/7%∀/%?<Κ;Φ%
Σ(%∗;)<%∗2%<00<+/Κ21/∆%/<%Λ2<?%9<+(%/(,−21,∗;%∗2Φ%∗+/1)/1,%,<2/(Μ/7%
%
ΟΚ ∋(4∃&74∃%4∃9,−&
ΟΚΛΚ ;∃)∗+%4,34:84∃(+∆&?∀(8&
Ρ−(%9∗12%12/(+Φ1),10;12∗+∆%3<∗;%0(+,(1Χ(Φ%Ε+<9%/−(%12/(+Χ1(?)%∗2Φ%+()(∗+,−%1)%/−(%
9∗Λ123%∗2Φ%+(Γ9∗Λ123%<Ε%9(9<+∆=%+(Γ?+1/123%<Ε%−1)/<+∆%/−+<Κ3−%)<Κ2Φ=%/+∗Χ(;123%
/−<Κ3−%/−(%,<;;(,/1<2)ϑ∗+,−1Χ()ϑΦ∗/∗Σ∗)()%<Ε%)<Κ2Φ)%12%/19(%∗2Φ%)0∗,(7%%
• #<Κ2Φ%Π∗//(+)%ς#ΠΩ%1)%Σ(123%,<2Ε13Κ+(Φ%∗)%∗%,<2,(0/Κ∗;=%9(/−<Φ<;<31,∗;%∗2Φ%
/(,−2<;<31,∗;%Ε+∗9(?<+Λ=%Ε+<9%/−(%0(+)0(,/1Χ(%<Ε%∗+/1)/)%∗2Φ%12/(+Φ1),10;12∗+∆%
+()(∗+,−(+)%ς>137%ν%∗2Φ%>137%⊥Ω7%%
%
>137%ν%∀21/1∗;%0+<0<)(Φ%Ε+∗9(?<+Λ%
! ∀+!
%
>137%⊥%ΤΜ/(2Φ(Φ%>+∗9(?<+Λ%∗/%ΠΚ+∗;7;∆%Ε<+%,<99(2/)%∗2Φ%120Κ/%Ε+<9%#<Κ2Φ%Π∗//(+)%,<99Κ21/∆%
%
ΟΚΝΚ 7+(/∗0∀+1&∗8∗/∗∃),&
ΟΚΝΚΛ&;∃:#)∗&
Π<)/%<Ε%/−(%12/(+Χ1(?(()%+(,<+Φ%/−(1+%<?2%9∗/(+1∗;7%Ρ−(%∗,/%<Ε%+(,<+Φ123%1)%0∗+/%<Ε%
Ε+∗9123%∗%+()(∗+,−%<+%∗+/?<+Λ7%#<9(%<Ε%/−(%+(,<+Φ123)%∗+(%9∗Φ(%12%,<;;∗Σ<+∗/1<2%
?1/−%0(<0;(%Ε+<9%,<99Κ21/1()%;1Χ123%12%∗%0∗+/1,Κ;∗+%0;∗,(7%#<9(%12/(+∗,/%?1/−%
∗+,−1Χ()%ς2</%<2;∆%)<21,Ω7%#<9(%?<+Λ%?1/−%;1Χ(%)/+(∗91237%#<9(%12/(+∗,/1Χ(%?<+Λ%
/−(∆%9∗Λ(%Κ)()%Χ<1,(ϑ%)0((,−%∗)%Σ(123%+(,∗;;(Φ%Σ∆%;1)/(2123%/<%Ε1(;Φ%+(,<+Φ123)Ψ%/−()(%
Χ<1,()%Σ(,<9(%0∗+/%<Ε%/−(%∗+/?<+Λ7%Ρ−(%Φ1)/12,/1<2%Σ(/?((2%Ε1(;Φ%+(,<+Φ123)%∗2Φ%
)0((,−%1)%2</%/−∗/%)/+<23%ς>13%πΩ7%
%
%
>137%π%∀20Κ/%∗/%ΠΚ+∗;7;∆%
%
%
! ∀∀!
ΟΚΝΚΝ&>+3245∗,∗
Ρ−(+(%1)%∗%3(2(+∗;%0+(<,,Κ0∗/1<2%Ε<+%#<Κ2Φ%:+,−1Χ()Ι%#∗Χ(%<Κ+%#<Κ2Φ)7%∃+(∗/123%
0(+)<2∗;%,<;;(,/1<2)=%+()1Φ123%12%−∗+Φ%Φ+1Χ()7%#<9(%+()(∗+,−(+)%κΚ()/1<2%∗Σ<Κ/%/−(%
∗,,Κ9Κ;∗/1<2%<Ε%Φ∗/∗%∗2Φ%12,;ΚΦ(%12%/−(1+%0+∗,/1,()%/−(%Φ(;(/1<2%<Ε%+(,<+Φ(Φ%
9∗/(+1∗;7%∀/%)((9)%/−∗/%)−∗+123%)<Κ2Φ)%Κ)(Φ%12%/−(1+%+()(∗+,−%)((9)%9<+(%+(;(Χ∗2/%1Ε%
)−∗+123%?1/−%/−(1+%0((+)=%<+%?1/−%/−(%,<99Κ21/1()%/−(∆%−∗Χ(%?<+Λ(Φ%?1/−7%:+,−1Χ123%
)<Κ2Φ)%12%α+1/1)−%Α1Σ+∗+∆%)((9)%12/(+()/123%ΣΚ/%Χ(+∆%Φ(9∗2Φ1237%Ρ−(+(%1)%∗;)<%12/(+()/%
<Ε%∗+,−1Χ123%/−(1+%9∗/(+1∗;%12%0;∗,()%)Κ,−%∗)%:+,−1Χ(7<+37%.(Φ1,∗/(Φ%/<%∃+<?ΦΓ
#<Κ+,123%)<Κ2Φ%1)%/−(%)1/(%Ι%∃∃4&6∀;
ϑ
=%?−1,−%−∗)%Φ(Χ(;<0(Φ%)<Ε/?∗+(%Ε<+%+(/+1(Χ∗;=%
/∗33123=%Φ(+1Χ(Φ%<Ε%9∗2∆%∆(∗+)%<Ε%+()(∗+,−%∗/%/−(%Β21Χ(+)1/∆%≅<90(Κ%>∗Σ+∗7%Ρ−(+(%
(Μ1)/%)<,1∗;%Φ∗/∗%+(0<)1/<+1()=%∗2Φ%?(%−13−;13−/%Φ616%#6%∗)%3+∗))+<</)%Σ∗)(Φ%)0∗,(%
/−∗/%∗//(2Φ%/−(%2((Φ)%<Ε%(/−2<3+∗0−1,%+()(∗+,−%<ΕΕ(+123%∗%)∗Ε(%)0∗,(%/<%9∗2∗3(%∗;;%
Λ12Φ%<Ε%9∗/(+1∗;%Ε<+%Φ1ΕΕ(+(2/%,<99Κ21/∆%0+<∴(,/)7%∀/%−∗)%Σ((2%Φ(Χ(;<0(Φ%∗Ε/(+%∆(∗+)%
<Ε%+()(∗+,−%12%/−(%∃(2/(+%Ε<+%.131/∗;%:+,−(<;<3∆%12%∃:%&%Β#7%∀/%Κ)()%122<Χ∗/1Χ(%
,<0∆+13−/)%;1,(2)()%)Κ,−%∗)%ΡΞ%ς/+∗Φ1/1<2∗;%Λ2<?;(Φ3(Ω=%∗2Φ%/−(%<0/1<2%<Ε%Φ(;(/1<2%
?−(2%/−(%<?2(+%<Ε%/−(%Ε1;(%?1)−()%/<%Φ<%)<7%Ρ−(∆%∗;)<%−∗Χ(%Φ(Χ(;<0(Φ%∗%ΠΚΛΚ+/Κ%
9<Σ1;(%∗007%∋()(∗+,−(+)ϑ:+/1)/)%∗;)<%Κ)(%2<2Γ)<21,%Φ∗/∗Σ∗)()%Ε<+%/−(%,+(∗/1Χ(%
12/(+∗,/1<2%?1/−%)<21,%9∗/(+1∗;=%∗ΦΦ123%Φ∗/∗%Ε;<?%,<2/(Μ/%<Ε%)<,1∗;%∗,/1Χ1/1()%ς>137θΩ7%
%
%
∗
>137%θ%∃<;;(,/1<2)ϑ:+,−1Χ()ϑ.∗/∗Σ∗)()%12%ΠΚ+∗;7;∆%
∗
∗
∗
! ∀#!
ΟΚΝΚΟ&<∗8()4∀∃(8&Α8(∆Χ(31%%
%
∋(;∗/1<2∗;%≅;∗∆Σ∗,Λ%ς>137%γΩ%1)%)<%Ε∗+%/−(%9<)/%12/(+()/123%0+<,())%Ε<+%/−(%#<Κ2Φ%
Π∗//(+)%12/(+Χ1(?(()7%Ρ−(%/(+9%−∗)%Φ1ΕΕ(+(2/%Κ2Φ(+)/∗2Φ123)Ι%
∀/%1)%/−(%9<)/%190<+/∗2/%0+<,())%Ε<+%(/−2<3+∗0−∆=%(737%0;∗∆Σ∗,Λ%)<Κ2Φ%9∗/(+1∗;%/<%
0(<0;(%12%/−(%Ε1(;Φ=%<0(2123%)0∗,(%∗2Φ%0∗/−)%Ε<+%/−(%0+<,())%<Ε%+(,∗;;123%∗%0;∗,(=%∗2Φ%
/+∗Χ(;;123%/−+<Κ3−%/19(7%+∃,(#)&∀(,∗−,(./(01%1)%∗;)<%Κ2Φ(+)/<<Φ%∗)%,<90<)1/1<2∗;%
0+<,())=%Κ2Φ(+)/∗2Φ123%∗2Φ%Φ(Χ(;<0123%∗()/−(/1,)%∗2Φ%2∗++∗/1Χ()7%≅;∗∆123%Σ∗,Λ%
)<Κ2Φ%Ε1;()%Ε+<9%Φ1ΕΕ(+(2/%)<Κ+,()=%)0∗,()=%0;∗,()%∗2Φ%Ε+<9%Φ1ΕΕ(+(2/%/19()%,+(∗/()%
Φ1ΕΕ(+(2/%Κ2Φ(+)/∗2Φ123)%<Ε%∗%Φ(/(+912(Φ%,Κ;/Κ+∗;%,<2/(Μ/7%Ρ−(%(Μ0(+1(2,()%12Χ<;Χ(%
,<;;∗Σ<+∗/1<2%?1/−%∗+/1)/)=%+()(∗+,−(+)%∗2Φ%,<99Κ21/1()%12%(Μ0(+19(2/∗;%0+<∴(,/)%
?1/−%(ΦΚ,∗/1<2∗;%<Κ/0Κ/)7%Ρ−1)%1)%12%1/)(;Ε%0∗+/%<Ε%/−(%+()(∗+,−%0+<,())%12Χ<;Χ123%+1)Λ=%
∗2Φ%(Μ0(+19(2/∗/1<27%Ζ−(2%12Χ<;Χ123%,<99Κ21/1()=%/−1)%0+<,())%12,;ΚΦ()%
/(,−2<;<31()%Ε+<9%Σ∗)1,%0;∗∆Σ∗,Λ%ς−∗+Φ?∗+(%1≅<Φ)Ω%/<%)<0−1)/1,∗/(Φ%12/(+Ε∗,()%Ε<+%
12)/∗;;∗/1<2)%ςΚ)123%η1)Κ∗;%0+<3+∗99123%(2Χ1+<29(2/)%)Κ,−%∗)%Π∗ΜϑΠ#≅Ω=%∗2Φ%∗;)<%
<2;12(%(2Χ1+<29(2/)%Ε<+%(2Φ%Κ)(+Ι%3(2(+∗;%0ΚΣ;1,7%∋(;∗/1<2∗;%0;∗∆Σ∗,Λ%1)%∗;)<%
Κ2Φ(+)/<<Φ%∗)%∗%)/∗2Φ∗+Φ%?∗∆%<Ε%?<+Λ123%<2%/−(%)/ΚΦ1<%?1/−%/(,−2<;<31()%)Κ,−%∗)%
)(κΚ(2,(+)=%(Φ1/<+)%Ε<+%/−(%+()(∗+,−(+ϑ∗+/1)/7%%
%
>137%γ%∋(;∗/1<2∗;%≅;∗∆Σ∗,ΛΙ%0+<,())%∗2Φ%∀2/(+Ε∗,()=%12%ΠΚ+∗;7;∆%
%
∀2%<Κ+%/(,−21,∗;%+(Χ1(?%?(%?(+(%(2Χ1)1<2123%∗%9<ΦΚ;∗+%)∆)/(9%/−∗/%−(;0%/<%Φ(Χ(;<0%
ΕΚ2,/1<2)%∗,,<+Φ123%/<%)0(,1Ε1,∗/1<2)%<Ε%?<+Λ123%?1/−%>1(;Φ%∋(,<+Φ123)%∗2Φ%)0((,−=%12%
/−(%?∗∆%12%?−1,−%Π∗ΜϑΠ#≅%Χ1)Κ∗;%0+<3+∗99123%(2Χ1+<29(2/%<ΕΕ(+)7%Ε(7&7(∗
Φ&;6,(%
Κ
∗ςΣ∗)(Φ%<2%Π∗ΜϑΠ#≅=%?−1,−%,<2/∗12)%∗%3+<?123%2Κ9Σ(+%<Ε%9<ΦΚ;()%
Φ(Φ1,∗/(Φ%/<%Φ∗/∗=%∗ΚΦ1<%<+%Χ1Φ(<%0+<,())123Ω%)((9)%/−(%9<)/%∗00+<0+1∗/(%)<Ε/?∗+(%
(2Χ1+<29(2/%/<%;12Λ%∋(;∗/1<2∗;%≅;∗∆Σ∗,Λ%0+<,())()%?1/−%∗+,−1Χ()%∗2Φ%12/(++<3∗/1<2%
! ∀∃!
/<<;)7%%∀/%,<2)1)/)%<Ε%∗%)(/%<Ε%9<ΦΚ;()%/−∗/%Φ(Χ(;<0%Φ1ΕΕ(+(2/%∗ΚΦ1<%0+<,())()=%?−1,−%
,∗2%Σ(%;12Λ(Φ%/<%</−(+%9<ΦΚ;()7%∀/%−∗)%Σ((2%Κ)(Φ%Ε<+%12)/∗;;∗/1<2)%∗2Φ%;1Χ(%
0(+Ε<+9∗2,()7%∀/%−∗)%0<+/∗Σ1;1/∆%/<%?<+Λ%?1/−%∃ρρ=%∗2Φ%/<%Σ(%Χ1(?(Φ%12%∗%Χ∗+1(/∆%<Ε%
12/(+Ε∗,()7%
%
ΟΚΝΚΜ&;∃)∗++∀9()4∀∃∗%
Ρ−1)%1)%∗2%190<+/∗2/%0+<,())%∗,Λ2<?;(Φ3(Φ%Σ∆%+()(∗+,−(+)%ΣΚ/%1/%2</%Κ)(Φ%/<<%9Κ,−=%
0∗+/%Σ(,∗Κ)(%<Ε%;∗,Λ%<Ε%Λ2<?;(Φ3(%∗2Φ%/(,−2<;<31()%<Ε%−<?%1/%913−/%?<+Λ=%ΣΚ/%∗;)<%
Σ(,∗Κ)(%∗)%/−(∆%Λ2<?%/−1)%0+<,())%ς/∗33123=%,∗/(3<+1)∗/1<2Ω=%1/%1)%0(+,(1Χ(Φ%∗)%Χ(+∆%
Φ(9∗2Φ123%∗2Φ%<Κ/)1Φ(%/−(%,+(∗/1Χ(%0+<,())7%∋()(∗+,−(+)%+(;∆%<2%/−(1+%9(9<+∆%/<%
Ε12Φ%)<Κ2Φ)%?1/−12%/−(1+%,<;;(,/1<2)%∗2Φ%;∗Σ(;%/−(1+%Ε1;()%Σ∆%/−(9()=%Φ∗/(=%0;∗,(%∗2Φ%
)<9(%)<21,%,−∗+∗,/(+1)/1,)7%#<9(%<Ε%/−(9%−∗Χ(%,+1/1,∗;%0(+)0(,/1Χ()%∗Σ<Κ/%1/Ι%λ?−∆%
,∗/∗;<3Κ123Ν[%)<9(%<Ε%/−(∆%κΚ()/1<2%λΡ−1)%1)%0+<Σ∗Σ;∆%∗3∗12)/%Ε;(Μ1Σ;(%2∗/Κ+(%<Ε%
)<Κ2Φ[7%:;)<%)<9(%<Ε%/−(9%0<12/(Φ%<Κ/%1))Κ()%;12Λ(Φ%/<%/−(%0<;1/1,)%12Χ<;Χ(Φ%12%
9∗,−12(%0+<,())()=%(737%/+Κ)/%12%/−(%9∗,−12(=%<+%Σ(123%0∗+/%<Ε%∗%,Κ;/Κ+(%<Ε%
)Κ+Χ(1;;∗2,(7%∀/%)((9)%,;(∗+%Ε+<9%/−(%,<2ΦΚ,/(Φ%12/(+Χ1(?)%/−∗/%Ε+<9%∗2%∗+,−1Χ1)/[)%
0(+)0(,/1Χ(=%!∀#∃%%&∋(#)&∀%1)%/−(%9<)/%190<+/∗2/%0+<,())=%?−1;(%Ε+<9%/−(%∗+/1)/)[%∗2Φ%
+()(∗+,−(+)[%0(+)0(,/1Χ(Ι%;1)/(2123%Χ1∗%+(;∗/1<2∗;%0;∗∆Σ∗,Λ%1)%/−(%9<)/%190<+/∗2/%
0+<,())=%;1)/(2123%?1/−<Κ/%∗%3<∗;7%%
%
Ρ−1)%0+<,())%12,<+0<+∗/(Φ%∗;/(+2∗/1Χ(%0(+)0(,/1Χ()%/<%Κ2Φ(+)/∗2Φ%9(/∗Φ∗/∗=%∗)%
)Κ33()/(Φ%Σ∆%/−(%α+∗1;1∗2%),−<;∗+%.+%∃∗+;<)%>∗;,1Ι%σ∗%0<(/1,)%<Ε%9(/∗Φ∗/∗%,∗2%,+(∗/(%
∗+,−1Χ()%∗Σ;(%/<%,<9Σ12(%12Χ(2/1<2%∗2Φ%Φ1),<Χ(+∆=%31Χ123%+1)(%/<%19∗312∗+∆%0;∗,()%<Ε%
9(9<+∆7ε
γ
%
∀2%∗2%12/(+Χ1(?%?1/−%/−(%),−<;∗+
56
%−(%)Κ33()/(Φ%/<%12,;ΚΦ(%/−(%σ,+(∗/1<2%<Ε%9(/∗Γ
Φ∗/∗ε%∗)%0∗+/%<Ε%/−(%Ε+∗9(?<+Λ%<Ε%#<Κ2Φ%Π∗//(+)7%:;)<%,+(∗/1Χ(%0(+)0(,/1Χ()%<Ε%
∗22</∗/1<2%−∗Χ(%Σ((2%12,;ΚΦ(Φ%∗)%Φ(Χ(;<0(Φ%Σ∆%.+7%Π1,−∗(;%δ∗;;∗3−(+
55
=%∗2Φ%/−(%
<2()%<ΕΕ(+(Φ%Σ∆%:2Φ+(∗%_∗+∗%12%/−(%,<ΓΦ()132%?<+Λ)−<0=%?1/−%/−(%#<21,%Ρ19(%
∃∗0)Κ;(
5Υ
=%?−1,−%12Χ1/(%Κ)%/<%;1)/(2%/<%/−(%0+()(2/%∗2Φ%)(;(,/%/−(%9<)/%190<+/∗2/%
9(9<+1()%/<%Λ((07%Ρ−Κ)=%λ∃+(∗/123%9(/∗ΓΦ∗/∗[%?∗)%12,<+0<+∗/(Φ%∗)%∗2%(;(9(2/%<Ε%
/−(%0+<,())%<Ε%∀2/(++<3∗/1<2=%Σ+123123%/−(%0<(/1,)%∗2Φ%)<,1∗;%,<2/(Μ/%<Ε%1/7%
#123;(%<+%,<;;(,/1Χ(%∗22</∗/1<2%ςΕ((ΦΣ∗,ΛΩ%−∗)%Σ((2%Φ(Χ(;<0(Φ%Σ∆%0+<∴(,/)%)Κ,−%∗)%
ΠΚ)1,%∃1+,;(%&%δ<;Φ)91/−)7%ΠΚ)1,%∃1+,;(%Κ)()%Ε((ΦΣ∗,Λ%?1/−12%∗%,<99Κ21/∆=%?−1,−%
,∗2%Σ(%(Μ0;<+(Φ=%−<?(Χ(+%Ε((ΦΣ∗,Λ%Φ<()2[/%2(,())∗+1;∆%Σ+123%9(/∗ΓΦ∗/∗%/<%0;∗∆%?1/−%
! ∀%!
)<Κ2Φ)%;∗/(+7%Ρ−(%)∆)/(9%1)%Σ∗)(Φ%<2%/−(%)−∗+123%<Ε%/+∗,Λ)7%>+(()<Κ2Φ%/∗33123%
)∆)/(9=%∗)%Φ(Χ(;<0(Φ%∗/%/−(%Β21Χ(+)1/∆%≅<90(Κ%>∗Σ+∗=%Σ∆%+()(∗+,−(+)%∗/%/−(%ΠΚ)1,=%
Ρ(,−2<;<3∆%δ+<Κ0=%1)%Σ∗)(Φ%<2%,+<?ΦΓ)<Κ+,(%/∗33123%∗2Φ%−∗)%Φ(Χ(;<0(Φ%)<Ε/?∗+(%/<%
+(,<321)(%,(+/∗12%/∗3)%∗2Φ%/−(1+%∗))<,1∗/1<2)=%)Κ33()/123%/−(%Κ)(+%</−(+%/∗3)Ψ%/−1)%
)∆)/(9%−(;0)%/<%9∗Λ(%/−(%)(∗+,−%9<+(%∗,,Κ+∗/(=%∗2Φ%∗,,<+Φ123%/<%Κ)(+%2((Φ)%
ς>13756Ω7%
%
%
>137%56%∀2/(++<3∗/1<2Ι%≅+<,())%∗2Φ%Ρ<<;)=%12%ΠΚ+∗;7;∆%
%
%λ#(∗+,−%∗2Φ%∋(/+1(Χ∗;[%9<+(%Κ0%/<%Φ∗/(%)<Ε/?∗+(%/<<;)%1Φ(2/1Ε1(Φ%?(+(%/−(%
>+(()<Κ2Φ%:≅∀=%?−1,−%,<9Σ12()%/∗3%)(∗+,−%?1/−%)<21,%12Ε<+9∗/1<2%+(/+1(Χ∗;7%Ρ−1)%
12,;ΚΦ()%Σ</−%Ε1(;Φ%+(,<+Φ123)%∗2Φ%)0((,−%ς)0<Λ(2%?<+Φ%∗2Φ%Χ<1,(Ω7%>+(()<Κ2Φ%−∗)%
Χ(+∆%(ΕΕ(,/1Χ(%/<<;)%ΣΚ/%1/%1)%/<<%9∗))1Χ(=%∗2Φ%,∗2%,+(∗/(%∗%)(2)(%<Ε%Σ(123%;<)/%12%/−(%
,+<?Φ7%Ζ(%2((Φ%/<%)((%−<?%1/%?<+Λ)%Ε<+%)0(,1Ε1,%0+<∴(,/)%∗2Φ%,<99Κ21/1()%?1/−%
)(2)1/1Χ(%9∗/(+1∗;7%Ρ−(%0+(91)(%<Ε%Ε+(()<Κ2Φ%1)%/−∗/%∗;;%1)%Ε+((%<Ε%Κ)(=%Κ)123%∃+(∗/1Χ(%
∃<99<2)%;1,(2)1237%Ρ−1)%913−/%2</%Σ(%/−(%9<)/%∗00+<0+1∗/(%Ε<+%(/−2<3+∗0−1,%
0+∗,/1,()%∗2Φ%/−(%(/−1,)%<Ε%−Κ9∗2%+()(∗+,−7%Ζ(%?<Κ;Φ%;1Λ(%/<%Κ)(%/−(%Ε+(()<Κ2Φ%:≅∀%
;12Λ%?1/−%</−(+%)0∗,()ϑ+(0<)1/<+1()%)Κ,−%∗)%ΠΚΛΚ+/Κ7%
χ2%/−(%</−(+%−∗2Φ=%?(%1Φ(2/1Ε1(Φ%αα∃%#0((,−%/<%Ρ(Μ/%∗2Φ%.1∗+1∗/1<2%)∆)/(9)=%?−1,−%
−∗Χ(%Σ((2%Σ∗)(Φ%<2%/−(%−∆0(+∗ΚΦ71<%0;∗/Ε<+9%/<%2∗Χ13∗/(=%)(∗+,−%∗2Φ%(Φ1/%)0<Λ(2%
?<+Φ7%Ρ−()(%)((9%/<%Σ(%9∗12;∆%)/ΚΦ1<%+(,<+Φ123)=%?−1,−%∗,<Κ)/1,%1)%,<2/+<;;(Φ%Ε<+%
)0((,−%+(,<321/1<27%%
%%
λ#<21,%∀2Ε<+9∗/1<2%∋(/+1(Χ∗;[%9<)/%Κ0%/<%Φ∗/(%)<Ε/?∗+(%1)%/−(%Τ))(2/1∗%;1Σ+∗+∆=%
Φ(Χ(;<0(Φ%∗/%/−(%ΠΚ)1,%Ρ(,−2<;<3∆%δ+<Κ0%ςΠΡδΩ%∗/%/−(%Β21Χ(+)1/∆%≅<90(Κ%>∗Σ+∗%
ςΒ≅>Ω7%>+(()<Κ2Φ%:≅∀%Κ)()%Τ))(2/1∗
5]
=%∗2Φ%∗2∆%)<Κ2Φ%,∗2%Σ(%,<90∗+(Φ%Σ∗)(Φ%<2%
)<Κ2Φ%?∗Χ(%+(,<321/1<2%∗2Φ%9∗2∆%</−(+%0∗+∗9(/(+)%)Κ,−%∗)%≅1/,−=%Η13−%>+(κΚ(2,∆%
! ∀&!
,<2/(2/=%α(∗/)%Α<ΚΦ2())=%χ2)(/%+∗/(%(/,%ς>13%55Ω7%%
%
%
>137%55%>+(()<Κ2Φ%:≅∀%.(9<7%
%
%
#0(,1Ε1,%∗00+<∗,−()%/<%1Φ(2/1Ε∆%(2Χ1+<29(2/∗;%)<Κ2Φ)%,−∗+∗,/(+1)/1,)%−∗Χ(%Σ((2%
+()(∗+,−(Φ%Σ∆%/−(%ΠΡδ%∗/%/−(%Β≅>=%Κ)123%δ∗Χ(+[)%/∗Μ<2<9∆%?−1,−%;<<Λ)%∗/%/−(%
∗,<Κ)/1,%0+<0(+/1()%<Ε%/−(%)<Κ2Φ)=%Σ∗)(Φ%<2%∀2/(+∗,/123%9∗/(+1∗;)%)Κ,−%∗)Ι%Χ1Σ+∗/123%
)<;1Φ)=%∗(+<Φ∆2∗91,%#<Κ2Φ)=%∗2Φ%;1κΚ1Φ%#<Κ2Φ)%ς∋<9∗%(/%∗;=%Υ656Ω7%Ρ−1)%1)%∗2%
12/(+()/123%+()(∗+,−=%∗2Φ%9<+(%Φ1),Κ))1<2%1)%2((Φ(Φ%?1/−%/−(%,<99Κ21/∆%/<%Λ2<?%1Ε%
/−1)%∗00+<∗,−%1)%+(;(Χ∗2/%Ε<+%/−(1+%2((Φ)%ς>137%55Ω7%
%
%
%
>137%5Υ7%Ρ∗Λ(2%Ε+<9%τΤ,<;<31,∗;%:,<Κ)/1,)%≅(+)0(,/1Χ(%Ε<+%∃<2/(2/ΓΣ∗)(Φ%∋(/+1(Χ∗;%<Ε%
Τ2Χ1+<29(2/∗;%#<Κ2Φ)ε%ς∋<9∗%(/%∗;=%Υ656Ω%
%
%
! ∀∋!
ΟΚΝΚΠ&Ε∀/:∀,∗%&∀#):#),∗∗
Ρ−(%,<90<)(Φ%<Κ/0Κ/)%Φ(Χ(;<0(Φ%Σ∆%9(9Σ(+)%<Ε%/−(%#<Κ2Φ%Π∗//(+)%,<99Κ21/∆%∗+(%
Χ∗+1(Φ%∗,,<+Φ123%/<%∗+/%Ε<+9)Ι%01(,()=%12)/∗;;∗/1<2)=%9(Φ1∗/(Φ%0(+Ε<+9∗2,()=%Ε1;9)=%
,<90Κ/(+%3∗9()=%12/(+2(/ΓΣ∗)(Φ%(2Χ1+<29(2/)=%)<Κ2Φ%9∗0)=%9<Σ1;(%∗00)=%∗2Φ%+∗Φ1<%
0+<3+∗9)7%χ/−(+%<Κ/,<9()%∗+(%∗;)<%?<+Λ)−<0)%∗2Φ%;(,/Κ+(+)=%Κ2Φ(+)/<<Φ%∗)%,+(∗/1Χ(%
)0∗,()7%ς>137%5]Ω%
%
>137%5]%∃<90<)(Φ%χΚ/,<9()=%12%ΠΚ+∗;7;∆%
%
ΜΚ 74+,)&!)(9∗&3∀∃38#,4∀∃,−&
ΜΚΛΚ >+3245∗,&
Ζ1/−%/−(%12/(+Χ1(?)%∗2Φ%/−(%,<ΓΦ()132%?<+Λ)−<0=%0(<0;(%Σ(,∗9(%∗?∗+(%<Ε%/−(%∗+,−1Χ()%
/−(∆%∗+(%,+(∗/123=%∗2Φ%/−(%(Μ1)/123%/<<;)%∗2Φ%0<))1Σ1;1/1()%ς(737%∗;3<+1/−9)Ω%/<%∗,,())%
,+(∗/1Χ(;∆%/<%1/7%%
%
:+,−1Χ()%Ε+<9%/−(%#<Κ2Φ%Π∗//(+)%ς#ΠΩ%,<99Κ21/∆%∗+(%,+(∗/(Φ%Ε+<9%Φ∗1;∆%;1Ε(%<Ε%9∗2∆%
,<99Κ21/1()%?−<%?<Κ;Φ2[/%<+Φ12∗+1;∆%Σ(%12%12)/1/Κ/1<2∗;%∗+,−1Χ()7%Ρ−(%∗()/−(/1,)%∗2Φ%
<Κ/0Κ/%Ε<+9)%<Ε%/−(%#Π%,<99Κ21/∆%∗+(%Χ∗+1(Φ7%χ2%/−(%</−(+%−∗2Φ=%1/%)((9)%/−∗/%/−(+(%1)%
2</%/<<%9Κ,−%12/(+()/%/<%λΦ(0<)1/[%/−(1+%Ε1;()%12%∗%,+<?Φ%)<Κ+,(Φ%(2Χ1+<29(2/%ς)Κ,−%∗)%
Ε+(()<Κ2ΦΩ=%∗)%9∗2∆%<Ε%/−(%#Π%,<99Κ21/∆%0+<∴(,/)%+(;∆%<2%/−(%Φ(Φ1,∗/1<2%<Ε%∗%
+()(∗+,−ϑ∗+/1)/1,%0+<∴(,/=%∗2Φ%/−(%,<2/(Μ/7%%:;)<%/−1)%+∗1)()%/−(%1Φ(∗%/−∗/%∗+,−1Χ()%∗+(%2</%
2(,())∗+1;∆%<2;∆%/−(%<2()%−(;Φ%Σ∆%Σ13%12)/1/Κ/1<2)%∗2Φ%/−()(%Φ<2[/%−∗Χ(%/<%Σ(%2(,())∗+1;∆%
Φ(0<)1/(Φ%/−(+(7%
∀/%1)%190<+/∗2/%/<%9∗Λ(%∗+,−1Χ()%∗Χ∗1;∗Σ;(%Σ∆%∗%)(;(,/(Φ%,<99Κ21/∆%/−∗/%Κ2Φ(+)/∗2Φ)%/−(%
)<,1∗;%Χ∗;Κ(%<Ε%1/=%∗2Φ%(Μ0;<+(%,+(∗/1Χ1/∆%12%/−(%0+<,())()%<Ε%∗22</∗/1<2=%)(∗+,−%∗2Φ%
+(;∗/1<2∗;%0;∗∆Σ∗,Λ7%%
! ∀(!
%
Ρ−Κ)=%?(%0+<0<)(%/<%(Μ0(+19(2/%?<+Λ123%Ε+<9%),+∗/,−%?1/−%∗2%<2;12(%<0(2%)<Κ+,(%
Φ(Φ1,∗/(Φ%)1/(%)Κ,−%∗)%ΠΚΛΚ+/Κ7<+3=%?−1,−%1)%<0(2%)<Κ+,(%∗2Φ%Φ(∗;)%?1/−%)<,1∗;%(/−1,)%
∗2Φ%,<0∆+13−/)7%∀/%−∗)%Σ((2%Φ(Χ(;<0(Φ%Σ∆%/−(%∃(2/(+%<Ε%.131/∗;%:+,−(<;<3∆%12%/−(%Β#7%∀/%1)%
<0(2%)<Κ+,(%∗2Φ%,∗2%Σ(%<0(2%/<%12/(+∗,/%?1/−%<0(2%)<Κ+,(%/<<;)%Ε<+%!∀#∃%%&∋(#)&∀%∗2Φ%
+∃,(#)&∀(,∗−,(./(017%
%
ΜΚΝΚ ;∃)∗++∀9()4∀∃−%
2%∃(#)∀∋∗7∃#(Α;(#(∗
∀/%1)%190<+/∗2/%/<%9∗Λ(%∗+,−1Χ()%∗22</∗/(Φ%Σ∆%/−(%,<99Κ21/1()%12Χ<;Χ(Φ%12%/−(%0+<∴(,/=%
∗2Φ%2</%<2;∆%Σ∆%/−(%+(,<+Φ1)/ϑ+()(∗+,−(+ϑ∗+/1)/7%%
∗
:∃(%03∗(∀;∗+∃#%)∃=(,∗
α(123%12%/<Κ,−%?1/−%/(,−2<;<31()%Ε<+%)(∗+,−%∗2Φ%+(/+1(Χ∗;%<Ε%;∗+3(%,<;;(,/1<2)%<Ε%)<Κ2Φ)%
)Κ,−%∗)Ι%)0((,−Γ/<Γ/(Μ/%/<%Ε∗,1;1/∗/(%/+∗2),+10/1<2Ψ%12/(+Ε∗,()%/−∗/%)(∗+,−%Σ∆%∗%91Μ/Κ+(%<Ε%
0∗+∗9(/(+)%,<9Σ12123%/∗3)%∗2Φ%∗ΚΦ1<%12Ε<+9∗/1<2%+(/+1(Χ∗;Ψ%∗2Φ%12/(+Ε∗,()%/−∗/%/+133(+%
)<Κ2Φ)%Σ∗)(Φ%<2%2<2Γ)<21,%9(/∗Φ∗/∗=%?∗)%122<Χ∗/1Χ(%Ε<+%/−(%0∗+/1,10∗2/)%12%/−(%,<Γ
Φ()132%?<+Λ)−<07%
%
:;/−<Κ3−%0(<0;(%?(+(%(2/−Κ)1∗)/1,%∗Σ<Κ/%/−(%)0((,−Γ/<%/(Μ/%/<<;%Σ∆%∃−+1)%α∗Κ9(=%?(%
2((Φ%/<%Ε12Φ%/−(%,+(∗/1Χ(%)1Φ(%<Ε%/−1)%/<%Σ(%12/(3+∗/(Φ%<2%/−(%#<Κ2Φ%Π∗//(+)%ς#ΠΩ%
;1)/(2123Γ;(Φ%(2Χ1+<29(2/7%:)%1/%1)=%1/%Ε<;;<?)%/−(%+∗Φ1<0−<21,%9<Φ(;=%∗2Φ%/−(%<+1312∗;%
)0((,−%1)%9∗Φ(%12%∗%)/ΚΦ1<%ς,<2/+<;;(Φ%∗,<Κ)/1,%(2Χ1+<29(2/Ω7%%
%
Ρ−Κ)=%∗/%/−(%9<9(2/%?(%/−12Λ%/−∗/%/−(%,<99Κ21/∆%?1;;%Σ(2(Ε1/%<Ε%∗%/<<;%Ε<+%,+(∗/1<2%<Ε%
9(/∗ΓΦ∗/∗=%?−1,−%;12Λ)%/<%<?2%Ε1;()ϑ∗+,−1Χ()%∗2Φ%0(+−∗0)%</−(+%∗+,−1Χ()=%∗2Φ%/−∗/%
(2,<90∗))()%∗%0<(/1,%∗2Φ%,+(∗/1Χ(%;1)/(2123%∗00+<∗,−7%:%,<;;(,/1Χ(%∗22</∗/1<2%)0∗,(%Ε<+%
0(<0;(7%%
ΤκΚ∗;;∆%/−(%(Μ∗90;()%Ε+<9%Ε+(()<Κ2Φ%:≅∀%∗+(%12/(+()/123%91Μ123%Σ</−%0∗+∗9(/(+)Ι%/∗3)%
∗2Φ%∗ΚΦ1<=%∗2Φ%1/%?<Κ;Φ%Σ(%3+(∗/%/<%Λ2<?%1Ε%?(%,∗2%∗Φ∗0/%/−1)%Ε<+%<Κ+%(2Χ1+<29(2/7%
%
ΜΚΟΚ &<∗8()4∀∃(8&Α8(∆Χ(31&
Ρ−(%12/+<ΦΚ,/1<2%<Ε%/−(%2</1<2%<Ε%∗;3<+1/−9)%∗2Φ%/−(%,+(∗/1Χ(%0<))1Σ1;1/1()%/−12Λ123%Ε+<9%
/−1)%0(+)0(,/1Χ(%<0(2(Φ%0(+)0(,/1Χ()%Ε<+%/−(%,<99Κ21/∆%∗2Φ%/−+((%,+(∗/1Χ(%1Φ(∗)%?(+(%
! ∀)!
Σ<+2%<Κ/%<Ε%/−(%(Μ(+,1)(%<Ε%/−12Λ123%<Ε%,<2/(Μ/=%0+<,())%∗2Φ%12/(+Ε∗,()7%
Ρ−1)%)Κ33()/)%/−(%2((Φ%<Ε%−∗Χ123%9<ΦΚ;∗+%)/+Κ,/Κ+()%?1/−%∗;3<+1/−91,%0∗+∗9(/(+)%/−∗/%
/−(%,<99Κ21/∆%,∗2%Κ)(%/<%;1)/(2%/<%∗+,−1Χ()%12%9∗2∆%Φ1ΕΕ(+(2/%0<))1Σ1;1/1()=%/+∗Χ(;123%
/−+<Κ3−%/19(%∗2Φ%)0∗,(=%∗2Φ%Κ)123%/−1)%;1)/(2123%,+(∗/(Φ%(2Χ1+<29(2/%/<%12/(+0;∗∆%?1/−%
∗%Φ1Χ(+)1/∆%<Ε%12/(+Ε∗,()7%
αΤ:Π%Π∗Μ%0∗/,−%/−∗/%91Μ()%2<2Γ)<21,%9(/∗Φ∗/∗%?1/−%)<Κ2Φ=%?∗)%∗%Χ(+∆%21,(%∗2Φ%
,<90;(Μ%(Μ∗90;(%<Ε%1/7%
%
Ρ−Κ)=%?(%0+<0<)(%/<%Ε<,Κ)%<2%/−(%+(;∗/1<2∗;%0;∗∆Σ∗,Λ%∗)%∗%,+(∗/1Χ(%0+<,())=%∗2Φ%/<%
,+(∗/(%∗%9<ΦΚ;∗+%0+</</∆0(%Κ)123%Ε(7&7(∗Φ&;6,(%7%Ρ−(%9<ΦΚ;()%,∗2%Σ(%ΣΚ1;Φ%
∗,,<+Φ123%/<%/−(%)0(,1Ε1,∗/1<2)%<Ε%/−(%#Π%,<99Κ21/∆=%∗2Φ%,∗2%3+<?7%!∗9<9∗%Π<ΦΚ;∗+%1)%
<0(2%)<Κ+,(=%∗2Φ%12%,<2)Κ;/∗/1<2%?1/−%/−(%Φ(Χ(;<0(+)%<Ε%/−(%</−(+%)<Ε/?∗+(%12Χ<;Χ(Φ%12%
/−(%Ε+∗9(?<+Λ=%)Κ,−%∗)%Φ616%#6=%Λ44∃∀#)(∗+Μ%Α1Σ+∗+∆%∗2Φ%Ι%∃∃4&6∀;∗Β−!=%1/%1)%0<))1Σ;(%/<%
9∗Λ(%,<22(,/1<2)%Σ(/?((2%∗;;%<Ε%/−()(7%:;;%)<Ε/?∗+(%1)%χ0(2%#<Κ+,(=%∗2Φ%∗Χ∗1;∗Σ;(%12%
δ1/−ΚΣ7%:;;%/−()(%)<Ε/?∗+(%1)%)Κ00<+/(Φ%Σ∆%)/+<23%,<99Κ21/1()=%?−1,−%∗;;<?%1/)%
)Κ)/∗12∗Σ1;1/∆7%%
><+%/−(%)(,<2Φ%)/∗3(%?(%0+<0<)(%/<%(Μ0;<+(%/−(%,<22(,/1<2)%Σ(/?((2%/−()(%)<Ε/?∗+(%
0∗,Λ∗3()%∗2Φ%,+(∗/(%∗%0+</</∆0(%Κ)123%!∗9<9∗%9<ΦΚ;∗+%ς>137%5φΩΙ%
%
>137%5φ%≅+<0<)(Φ%Ρ(,−21,∗;%Ρ<<;)%Ε<+%≅+</</∆0(%12%#(,<2Φ%#/∗3(%
! ∀∗!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5
%∀2/(+Χ1(?(()Ι%∀)<Σ(;%:2Φ(+)<2=%#<Κ2Φ%:+/1)/%∗2Φ%≅−.%)/ΚΦ(2/=%#<21,%:+/)%∋()(∗+,−%∃(2/+(=%ιΚ((2[)%
Β21Χ(+)1/∆%α(;Ε∗)/Ψ%∃∗/−(+12(%∃;<Χ(+=%≅−.%)/ΚΦ(2/%∋Π∀Ρ%Β21Χ(+)1/∆%Π(;Σ<Κ+2(Ψ%.+%∋Κ0(+/%∃<Μ=%#(21<+%
Α(,/Κ+(+%#<,1∗;%:2/−+<0<;<3∆=%Β21Χ(+)1/∆%<Ε%Π∗2,−()/(+Ψ%≅(/(+%∃Κ)∗,Λ=%:+/1)/%∗2Φ%9Κ)1,1∗2=%+()(∗+,−(+%
Ε+<9%∃∋1#:≅=%Α<2Φ<2%∃<;;(3(%<Ε%∃<99Κ21,∗/1<2=%Β21Χ(+)1/∆%<Ε%/−(%:+/)%Α<2Φ<27%>∗Χ<Κ+1/(%#<Κ2Φ)Ψ%
≅+<Ε7%!<−2%.+(Χ(+=%:,<Κ)/1,%Τ,<;<3∆%∗2Φ%#<Κ2Φ%:+/=%δ<;Φ)91/−)=%Β21Χ(+)1/∆%<Ε%Α<2Φ<2Ψ%.+%Π1,−∗(;%
δ∗;;∗3−(+=%ΠΚ)1,1∗2=%Α(,/Κ+(+%∗2Φ%∋()(∗+,−(+%12%ΗΚ9∗2%δ(<3+∗0−∆=%Π∗2,−()/(+%Π(/+<0<;1/∗2%
Β21Χ(+)1/∆Ψ%∃;∗∆%δ<;Φ=%#<Κ2Φ%∋(,<+Φ123%:+/1)/Ψ%.+7%∋<2%Η(++(9∗=%∃<90<)(+=%.(Χ(;<0(+%∗2Φ%δ(2(+∗/1Χ(%
:+/1)/Ψ%.+7%Η<;;∆%∀23;(/<2=%∃Κ;/Κ+∗;%Ζ<+Λ(+%∗2Φ%>(9121)/%#<Κ2Φ%#/ΚΦ1()%#,−<;∗+Ψ%≅+<Ε7%∃∗/−∆%Α∗2(=%
∃<90<)(+=%#<Κ2Φ%:+/1)/%∗2Φ%∋()(∗+,−(+=%∃∋1#:≅=%Α∃∃%Β21Χ(+)1/∆%<Ε%/−(%:+/)%Α<2Φ<2Ψ%#1∗2%Π<3+1Φ3(=%
Η∗,Λ2(∆%:+,−1Χ()Ψ%#ΚΛ∗2/∗%ΠΚ∴Κ9Φ∗+=%Ρ−(%Ρ+∗Χ(;;123%:+,−1Χ(Ψ%.+7%Ξ∗/−∗+12(%ϕ<+9∗2=%∀2Φ(0(2Φ(2/%
∋()(∗+,−(+%∗2Φ%∃<90<)(+Ψ%ΡΚ;;1)%∋(221(=%≅−.%∋()(∗+,−%#/ΚΦ(2/=%#<21,%:+/)%∋()(∗+,−%∃(2/+(=%ιΚ((2[)%
Β21Χ(+)1/∆%α(;Ε∗)/Ψ%.+7%Ρ<9%∋1,(=%Α(,/Κ+(+%12%:2/−+<0<;<3∆=%∗/%Β21Χ(+)1/∆%<Ε%ΤΜ(/(+Ψ%.+7%:Φ∗9%
≅∗+Λ12)<2=%∋()(∗+,−(+%∗/%Τ9Σ<Φ1(Φ%:ΚΦ1<Χ1)Κ∗;%∀2/(+∗,/1<2%δ+<Κ0=%δ<;Φ)91/−)=%Β21Χ(+)1/∆%<Ε%Α<2Φ<2Ψ%
.∗2%#,<//=%≅−.%)/ΚΦ(2/%∃∋1#:≅=%Β:ΑΨ%Π∗+Λ%≅(/(+%Ζ+13−/=%:+/1)/Γ∋()(∗+,−(+=%∃∋1#:≅=%Α∃∃%Β21Χ(+)1/∆%<Ε%
/−(%:+/)%Α<2Φ<2Ψ%:2Φ+(∗%_∗+∗=%∀2Φ(0(2Φ(2/%∋()(∗+,−(+=%∃Κ+∗/<+%<Ε%Ζ<+;Φ%∗2Φ%Ρ+∗Φ1/1<2∗;%ΠΚ)1,=%
α+1/1)−%Α1Σ+∗+∆Ψ%.+7%∃∗+;<)%>∗;,1=%:))<,1∗/(%≅+<Ε())<+%∗/%/−(%#,−<<;%<Ε%>12(%:+/)%∗/%>(Φ(+∗;%Β21Χ(+)1/∆%<Ε%
Π12∗)%δ(+∗1)=%α+∗1;=%η1)1/123%>(;;<?%∀:#%Ζ∗+?1,Λ%Β21Χ(+)1/∆7%
%
Υ
%:,,())%/<%(Φ1/%9<Φ(Ι%−//0Ιϑϑ9+;7;1ϑ9.∗Ξ!ηγδΨ%∗,,())%/<%Χ1(?%9<Φ(Ι%−//0Ιϑϑ9Κ+7∗;ϑΣΑ_;ηΛ.ν%
%
]
%−//0Ιϑϑ)<Κ2Φ9∗//(+)Ε+∗9(?<+Λ7?<+Φ0+())7,<9!
%
φ
%.+7%>+(Φ(+1,%><2/=%ΠΚ)1,%Ρ(,−2<;<3∆%∋()(∗+,−%δ+<Κ0%;12Λυ−//0Ιϑϑ???79/37Κ0Ε7(ΦΚϑ=%Β21Χ(+)1/∆%
≅<90(Κ%>∗Σ+∗Ψ%Ρ+<2Φ%Α<))1Κ)=%α(+3(2%∃(2/(+%Ε<+%Τ;(,/+<21,%:+/)%
−//0Ιϑϑ???7Σ(Λ72<ϑΕ+<2/Ν;<,∗;(υ(2<,/%Γ%ϕ<+?∗∆Ψ%∃−+1)%α∗Κ9(=%αα∃%
∋ϖ.=%−//0Ιϑϑ???7ΣΣ,7,<7ΚΛϑ+ΦϑΣ;<3ϑΥ65νϑ6νϑ)0<Λ(2Γ?<+Φ)Γ∗2ΦΓ/−(1+Γ/19123)=%∗2Φ%Β21Χ(+)1/∆%<Ε%
#Κ++(∆Ψ%.∗Χ1Φ%Π<ΕΕ∗/=%∃(2/+(%Ε<+%.131/∗;%ΠΚ)1,%ς∃φ.ΠΩ%∋()(∗+,−%δ+<Κ0%∗/%ιΚ((2%Π∗+∆%Β21Χ(+)1/∆%<Ε%
Α<2Φ<2%
!
ν
%−//0Ιϑϑ∴∗9<9∗7<+3%
%
⊥
%−//0Ιϑϑ9ΚΛΚ+/Κ7<+3%
%
π
%−//0ΙϑϑΕ+(()<Κ2Φ7<+3%
%
θ
%−//0Ιϑϑ∴∗9<9∗7<+3ϑ9<ΦΚ;∗+ϑ%
%
γ
%>+<9%λ≅<(/1,)%<Ε%Π(9<+∆Ι%12Χ(2/1<2%∗2Φ%Φ1),<Χ(+∆%Κ)123%9(/∗Φ∗/∗%/<%,+(∗/(%,Κ;/Κ+∗;%
9(9<+1()%12%0+<3+∗99∗Σ;(%(2Χ1+<29(2/)[=%Σ∆%.+7%∃∗+;<)%>∗;,1%
%
56
%%Ρ−(%12/(+Χ1(?%?∗)%,<2ΦΚ,/(Φ%12%Ζ∗+?1,Λ%Β21Χ(+)1/∆%<2%/−(%5θ
/−
%<Ε%Π∗+,−=%Υ65ν7%
%
55
%Π1,−∗(;%δ∗;;∗3−(+[)%0+<0<)∗;%<Ε%9(/−<Φ%Ε<+%∗22</∗/123%)<Κ2ΦΙ%,∗Κ)∗;%;1)/(2123=%/<%
Φ(/(+912(%?−∗/%,∗Κ)(Φ%/−(%)<Κ2ΦΨ%)(9∗2/1,%;1)/(2123=%/<%Φ(/(+912(%?−∗/%/−(%)<Κ2Φ%9(∗2)Ψ%
+(ΦΚ,(Φ%;1)/(2123=%?−1,−%∗//(2Φ)%/<%/−(%∗()/−(/1,%,−∗+∗,/(+1)/1,)%<Ε%/−(%)<Κ2ΦΨ%∗))<,1∗/1Χ(%
;1)/(2123=%9(9<+1()%∗2Φ%∗))<,1∗/1<2)%(Χ<Λ(ΦΨ%∗ΕΕ(,/1Χ(%;1)/(2123=%−<?%/−(%Σ<Φ∆%Ε((;)%?1/−12%
)<Κ2ΦΨ%)0∗/1∗;%;1)/(2123=%)(2)123%/−(%Φ1+(,/1<2%∗2Φ%Φ1)/∗2,(%<Ε%)<Κ2Φ%)<Κ+,()%12%)0∗,(%12%
+(;∗/1<2%/<%/−(%;1)/(2(+Ψ%,+1/1,∗;%;1)/(2123=%;1)/(2123%Ε<+%/−(%?1Φ(+%)<,1∗;=%(,<2<91,=%−1)/<+1,∗;%
∗2Φ%0<;1/1,∗;%,<2/(Μ/%<Ε%)<Κ2Φ%&%?−1,−%9∗∆%∗;)<%12Χ<;Χ(%3∗/−(+123%∗ΦΦ1/1<2∗;%12Ε<+9∗/1<27ε%
α∆%Π1,−∗(;%δ∗;;∗3−(+%12%σ:ΚΦ1<%Π(/−<Φ)Ι%:2∗;∆)123%Ε1(;Φ%+(,<+Φ123)%<Ε%(;(,/+<21,%Χ<1,()%12%:/−(2)%∗2Φ%
δ;∗)3<?%%
%
! #+!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5Υ
%:2Φ+(∗%_∗+∗=%#<21,%Ρ19(%∃∗0)Κ;(Ι%
−//0)Ιϑϑ1∗γ6Υ⊥6γ7Κ)7∗+,−1Χ(7<+3ϑ5⊥ϑ1/(9)ϑ#<21,Ρ19(∃∗0)Κ;(ϑ)<21,ωΥ6/19(ωΥ6,∗0)Κ;(70ΦΕ%:,,())(Φ%
<2%Υ6ϑ6νϑ5ν%
%
∀∃!ΤΜ∗90;()%<Ε%>+(()<Κ2Φ%:≅∀%,∗2%Σ(%)((2%−(+(Ι%−//0Ιϑϑ;∗Σ)7Ε+(()<Κ2Φ7<+3ϑ∗01ΟΦ(9<)!
!
%
%
<∗.∗+∗∃3∗,&(∃%&Χ4Χ84∀9+(:2∆&
!
∃(;9∗%Η(++∗Φ∗=%χ),∗+%ςΥ66θΩ%ΠΚ)1,%∋(,<99(2Φ∗/1<2%∗2Φ%.1),<Χ(+∆%12%/−(%Α<23%Ρ∗1;7%≅−.%
Ρ−()1)7%Β21Χ(+)1/∆%≅<90(Κ%>∗Σ+∗7%
%
>∗;,1=%∃∗+;<)%Η(2+1κΚ(%∋((2Φ(%ςΥ65φΩ=%σ≅<(/1,)%<Ε%Π(9<+∆Ι%12Χ(2/1<2%∗2Φ%Φ1),<Χ(+∆%Κ)123%
9(/∗Φ∗/∗%/<%,+(∗/(%,Κ;/Κ+∗;%9(9<+1()%12%0+<3+∗99∗Σ;(%(2Χ1+<29(2/)ε%ςΦ<,Κ9(2/%31Χ(2%Σ∆%
/−(%∗Κ/−<+Ω%
%
><2/%>+(Φ(+1,=%∋<9∗%δ(+∗+Φ%ϖ%#(++∗%8∗Χ1(+%ςΥ65]Ω%>+(()<Κ2Φ%Ρ(,−21,∗;%.(9<7%ΠΠ[5]=%
χ,</<Σ(+%Υ5ΓΥν=%Υ65]=%α∗+,(;<2∗=%#0∗127%:∃Π%γπθΓ5Γφν6]ΓΥφ6φΓνϑ5]ϑ567%
−//0ΙϑϑΦΜ7Φ<17<+3ϑ56755φνϑΥν6Υ6θ57Υν6ΥΥφν%
%
δ∗;;∗3−(+=%Π1,−∗(;%ςΥ65]%Ω%σ:ΚΦ1<%Π(/−<Φ)Ι%:2∗;∆)123%Ε1(;Φ%+(,<+Φ123)%<Ε%(;(,/+<21,%Χ<1,()%12%
:/−(2)%∗2Φ%δ;∗)3<?ε%ςΦ<,Κ9(2/%31Χ(2%Σ∆%/−(%∗Κ/−<+Ω%
%
Ξ123=%Π∗+1%ϖ%Π,Ξ(+2∗2%ΑΚΛ(%ςΥ65]Ω=%χ0(2123%Κ0%#0((,−%:+,−1Χ()%
%
Π(,−/;(∆%α+∗2Φ<2=%∃<<Λ%≅(++(∆%ϖ%#0∗21∗)=%:2Φ+(∗)%ςΥ65ΥΩ%σ#−<+/()/%≅∗/−%Ρ(,−21κΚ()%Ε<+%
:22</∗/1<2%∗2Φ%∋(/+1(Χ∗;%<Ε%Τ2Χ1+<29(2/∗;%#<Κ2Φ)ε%∀2/(+2∗/1<2∗;%#<,1(/∆%Ε<+%ΠΚ)1,%
∀2Ε<+9∗/1<2%∋(/+1(Χ∗;7%
%
∋<9∗%δ7%=%!∗2(+%!<+Φ1=%Ξ(+)/(2%#/(Ε∗2=%#,−1+<)∗%Π∗//1∗=%Η(++(+∗%≅(+Ε(,/<=%∗2Φ%#(++∗%8∗Χ1(+%
ςΥ656Ω%σΤ,<;<31,∗;%:,<Κ)/1,)%≅(+)0(,/1Χ(%Ε<+%∃<2/(2/Γα∗)(Φ%∋(/+1(Χ∗;%<Ε%Τ2Χ1+<29(2/∗;%
#<Κ2Φ)ε%Η12Φ∗?1%≅ΚΣ;1)−123%∃<+0<+/∗1<27%Λ<+Β:!−∗Ε&6%∀(,∗&∀∗Β6;)&Ν∗:Ο∃∃03Ν∗(∀;∗Φ64)0∗
−%&0∃44)∀∋Π%η<;%Υ656=%:+/1,;(%∀.%γ⊥6θ⊥]=%55%0∗3()7%.<1Ι56755ννϑΥ656ϑγ⊥6θ⊥]%
!
!
!
!
!
